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ABSTRACT
We present the results of detailed spectroscopic abundance analyses for 18 elements
in 31 nearby stars with planets. The resulting abundances are combined with other
similar studies of nearby stars with planets and compared to a sample of nearby stars
without detected planets. We find some evidence for abundance differences between
these two samples for Al, Si and Ti. Some of our results are in conflict with a recent
study of stars with planets in the SPOCS database. We encourage continued study of
the abundance patterns of stars with planets to resolve these discrepancies.
1 INTRODUCTION
The present study continues our series on the chemical abun-
dances of nearby stars with planets (SWPs); for a summary
of previous papers in the series, see Laws et al. (2003). To
date, the only well-established chemical abundance anomaly
among SWPs is the dependence of the incidence of giant
planets on the host star’s metallicity (Fischer & Valenti
2005; Santos et al. 2005).
Less conclusive has been evidence for differences in the
chemical abundance patterns between SWPs and stars with-
out known planets. Several recent studies have presented the
results of extensive abundance analyses of SWPs (Bond et
al. (2006); Ecuvillon et al. (2006); Gilli et al. (2006); Gon-
zalez et al. (2001); Luck & Heiter (2006); Robinson et al.
(2006); Takeda & Honda (2005)), but the results of these
studies are not entirely consistent with each other. For ex-
ample, Robinson et al. (2006) reported statistically signif-
icant differences between SWPs and a comparison sample
for Si/Fe and Ni/Fe abundance ratios. Other studies have
reported, instead, differences for Li, Na, Mg and Al.
The observed compositional differences between SWPs
and comparison stars have been discussed within the context
of three classes of explanation (Gonzalez 2006b): primor-
dial, orbital period bias and self-enrichment. The primor-
dial explanation best accounts for the data, but the other
two explanations can not yet be eliminated. Discovery of
additional abundance anomalies among SWPs would help
us test these three explanations more critically and allow
us to determine their relative contributions. The results of
these tests, in turn, will allow us to set tighter constraints
on planet formation models. For example, Ida & Lin (2005)
have reproduced the observed metallicity dependence of gi-
ant planet incidence assuming the core instability accretion
model of planet formation.
In the present work we employ the stellar atmospheric
parameters presented in Laws et al. (2003) for 31 SWPs to
determine [el/H] values for 18 elements: Li, C, N, O, Na,
Mg, Al, Si, S, Ca, Sc, Ti, Cr, Mn, Ni, Cu, Zn and Eu. Since
most of these elements have been studied in SWPs by oth-
ers, we can compare our results to published data to check
for consistency. More importantly, since the lists of SWPs
included in the published spectroscopic studies have consid-
erable overlap with each other and with the present work,
we can produce a new, improved database of SWP abun-
dances by correcting for systematic abundance differences.
We can do the same for published data on comparison stars.
In this way, we provide more sensitive tests of the claimed
abundance differences between SWPs and control samples.
2 ABUNDANCE ANALYSIS AND RESULTS
2.1 Sample and Analysis
We focus on the 31 SWPs examined in Laws et al. (2003)
(here, we are now including HD 202206 amongst the SWP
sample for comparison purposes in this paper). We measured
equivalent widths (EWs) for atomic lines of C, N, O, Na, Mg,
Al, Si, S, Ca, Sc, Ti, Cr, Ni, Zn and Eu. We then used these
EWs values and the values of Teff , log g, ξt, and [Fe/H] for
each star given in Laws et al. (2003) and the Kurucz (1993)
LTE plane-parallel model atmospheres as input to the line
analysis code MOOG (Sneden (1973), updated version) to
determine the elemental abundances. This is the same code
we have used in our previous papers in this series.
Details of our method of analysis, including determina-
tion of the uncertainties of the atmospheric parameters and
abundances, are described in Gonzalez (1998) and Gonza-
lez & Vanture (1998). In brief, for each star we determined
the four basic atmospheric parameters and their uncertain-
ties from the measured Fe I and Fe II EWs and assuming
excitation and ionization equilibrium. We then propagated
these uncertainties in our calculation of the uncertainties
of the abundances of the other elements. The exceptions to
this procedure were abundances determined from spectrum
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Figure 1. Sample syntheses of the spectral regions in HD 82943
containing the Cu I (panel a) and Mn I (panel b) absorption lines
used in the present work. The observed spectra are shown as
solid curves, and the syntheses are shown as dotted curves. Three
syntheses are shown for each element, Cu and Mn: nominal, +0.15
dex and -0.15 dex. Absorption lines of other elements analyzed in
these regions are also identified.
synthesis (see below); for these, we adopted an uncertainty
of ± 0.10 dex, which results from the uncertainty in visually
matching the observed and synthetic spectra. We applied
corrections for non-LTE effects only to the measurements of
the O I triplet near 7770 A˚, as prescribed by Takeda (2003).
We also determined [el/H] values for several elements
by comparing the observed spectra with synthetic spectra,
again utilizing model atmospheres and the basic stellar pa-
rameters given in Laws et al. (2003). As in previous pa-
pers in this series, [Li/H] and [Al/H] were determined from
syntheses of the Li region near 6707 A˚ . For the present
work, we added two more regions: λλ 5777-5787 A˚ for the
Cu abundance from the Cu I line at 5782 A˚ and additional
constraints on the Cr abundance; and λλ 6005-6015 A˚for
the Mn abundance from the Mn I line at 6013 A˚ as well
as additional constraints on C and Ni abundances. Sample
syntheses of these regions for HD 82943 are shown in Figure
1.
The hyperfine components for the Cu I line are from
Cunha et al. (2002), and the hyperfine components for the
Mn I line are from Prochaska & McWilliam (2000). Addi-
tional lines for these spectral intervals are from the compi-
lations of Kurucz & Bell (1995), adjusted to provide a good
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Figure 2. Values of [C/Fe], [O/Fe], [Na/Fe], [Mg/Fe], [Al/Fe]
and [Si/Fe] versus [Fe/H] for SWPs from the present study (filled
circles) and SWPs from Gilli et al. (2006) (pluses). Typical error
bars for the SWP abundance data from the present study are also
shown.
match between the synthetic and observed solar spectra.
Typical adjustments to the line oscillator strengths were a
few tenths of a dex, but it was as large as 0.8 dex in one in-
stance. For Mn and Cu, we adopted logarithmic solar abun-
dances of 5.33 and 4.05, respectively. For those elements
studied in previous papers in this series, we have employed
the same solar abundances in order to facilitate comparison
between these data sets.
2.2 Results
We present our abundance results in Tables 1 – 5 and Fig-
ures 2 and 3. Where appropriate, we have listed separately
in the tables the [X/H] values determined from EW analy-
sis and those determined from spectrum synthesis. In cases
where measurements from both methods are available, we
calculated average values.
For some elements (O, Sc, Ti and Ni) the agreement
between the present results and those of Gilli et al. (2006)
is close. For other elements (Mg, Al, Si and Ca) there are
significant offsets evident in Figures 2 and 3. We correct the
offsets between our results and others in the literature in the
following section.
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Figure 3. Same as Figure 2 but for [Ca/Fe], [Sc/Fe], [Ti/Fe] and
[Ni/Fe].
2.3 A Combined Sample
The need for an extensive stellar control sample to com-
pare to the SWPs has reinvigorated several research groups
to more systematically characterize the physical parameters
and chemical abundances of nearby sun-like stars. This en-
vironment, in which independent groups present estimates
of basic physical data for the same stars, is an ideal one for
ferreting out systematic differences among their data.
Several research groups have reported evidence of
anomalous abundance patterns among SWPs compared to
stars without known planets. Gonzalez et al. (2001) reported
finding slightly smaller Na/Fe, Mg/Fe and Al/Fe abundance
ratios among SWPs. Beirao et al. (2005) measured these ele-
ments in 98 SWPs and 41 comparison stars and failed to find
significant differences. However, the same group, upon ex-
panding the samples to 101 SWPs and and 93 comparison
stars, found smaller Al/Fe ratios and larger Mg/Fe ratios
among the SWPs relative to the comparison stars (Gilli et
al. 2006). Luck & Heiter (2006) did not find any differences
in the abundance patterns between their 55 SWPs relative
to 161 comparison stars.
Employing a bootstrapping statistical analysis method,
Robinson et al. (2006) reported finding that the 99 SWPs
in their Spectroscopic Properties of Cool Stars (SPOCS)
database have significantly larger Si/Fe and Ni/Fe ratios
than the 941 stars in their comparison sample. None of the
other research groups have found anomalous values for these
two elements among SWPs, but it is important to note that
the analysis of Robinson et al. (2006) is more sensitive than
others.
In order to test these claims, we have constructed a new
database of SWP and comparison star abundances by com-
bining abundance data from several recent studies of these
stars in a consistent way. The results of such a procedure are
shown in Figures 4 to 7. We produced them in the following
way.
We compiled SWP abundance data from Bond et al.
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Figure 4. Values of [C/Fe], [O/Fe], [Na/Fe], [Mg/Fe], [Al/Fe] and
[Si/Fe] versus [Fe/H] for SWPs corrected according to Equation
1 in the text using the constants in Tables 6 and 7. Comparison
stars, corrected in the same way as the SWPs, are shown as pluses.
The typical error bars for each element is shown on the lower left
corner of each panel. See text for additional details.
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Figure 5. Same as Figure 4 but for [Ca/Fe], [Sc/Fe], [Ti/Fe] and
[Ni/Fe].
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(2006), Gilli et al. (2006), Gonzalez & Laws (2000), Gonza-
lez et al. (2001), the present work and Luck & Heiter (2006)
for C, Na, Mg, Al, Si, Ca, Sc, Ti, Fe and Ni. For C, we
also use the abundance results of Ecuvillon et al. (2004)
and Takeda & Honda (2005). The O abundances include
data from Table 4 of Ecuvillon et al. (2006), the present
work, Luck & Heiter (2006) and Takeda & Honda (2005).
We selected these particular studies due to their large sam-
ple sizes, the quality of their spectra and the similarities of
their methods and temperature scales to each other. Luck
& Heiter (2006) provide helpful intercomparisons of several
recent large spectroscopic studies of nearby stars, including
several of those employed here. We did not include in our
analysis the data from the large Spectroscopic Properties of
Cool Stars (SPOCS) database (Valenti & Fischer 2005) in
order to test the claims of Robinson et al. (2006) regarding
anomalously high [Si/Fe] and [Ni/Fe] values in SWPs.
Next, we used data from the SWPs stars in common
between pairs of studies listed above to calibrate out any
systematic differences; data from comparison stars in com-
mon between Gilli et al. (2006) and Bond et al. (2006) were
also included. For a given pair of studies, we fit the abun-
dance differences from the stars in common to the following
equation:
[el/H]2−[el/H]1 = A0 +A1Teff +A2[el/H]2 (1)
This equation allows us to correct for differences in zero-
point, Teff scale and [el/H] scale among the various studies.
The values of Teff are from Gilli et al. (2006), supple-
mented with a few values from Bond et al. (2006). The values
of [el/H]1 are from Gilli et al. (2006). We list the derived val-
ues of the A0, A1 and A2 constants in Tables 6 and 7. To
apply the correction, the number calculated from Equation
1 is subtracted from [el/H]2. In selecting the parameters to
include in Equation 1, we also checked on possible correla-
tions with log g but did not find anything significant. Thus,
while one or more weak systematic trends may still exist in
these data, we have little to gain at this point from including
more terms in Equation 1.
We applied the calibration equations to the SWP data
from the corresponding studies and calculated simple av-
erage abundances from the individual calibrated values for
each element in each star. The number of calibration stars
employed for each element ranged from about 30 to 50. In
this way, we set Gilli et al. (2006) as the reference for all
the elements except C and O. For C we selected Ecuvillon
et al. (2004) as the reference, while for O we selected Luck
& Heiter (2006). Then, we calculated [el/Fe] values for each
SWP using the calibrated values of [el/H] and [Fe/H]. Only
SWPs with at least two measurements were retained. The
final list contains 78 SWPs for all elements but C and O;
there are 66 SWPs with C abundances and 60 SWPs with
O abundances.
We list the final corrected and combined abundance val-
ues for the SWPs in Table 8. For each element we also give
the standard deviation of the abundance and the number of
measurements. We calculated the standard deviation from
the uncertainties from the individual studies summed in
quadrature and averaged. This procedure probably slightly
overestimates the uncertainties, but a calculation based on
the scatter of the individual measurements for each star
would underestimate them. The typical error bars we show
in Figures 4 and 5 are based on the uncertainties listed in
Table 8.
The abundance data for the comparison stars are from
Gilli et al. (2006) and Bond et al. (2006) for all elements
but O.1 As in our analysis of the SWP abundances, we cali-
brated the comparison star abundances with Equation 1 and
the constants listed in Tables 6 and 7. Bond et al. (2006) did
not include Mg and Sc in their study, so we rely on Gilli et al.
(2006) exclusively for these element abundances for the com-
parison stars. Unlike the SWP data, however, we retained
all the comparison stars after calibrating their abundances,
since few of them are present in more than one study. Our
final list contains 195 comparison stars for most elements.
For O, the comparison stars are from Luck & Heiter (2006)
and Takeda & Honda (2005), with Luck & Heiter (2006) set
as the reference. The comparison stars for O number 180.
While application of the abundance corrections intro-
duces additional uncertainties (given the uncertainties in the
coefficients to the equation), these are outweighed by the
relative systematic abundance differences they remove from
the various datasets. We did not add the additional uncer-
tainties introduced from Equation 1 to the uncertainties due
to the spectroscopic analyses, since our primary goal in the
present study is to compare the abundance patterns of the
SWPs and the comparison stars.
In Figures 6 and 7 we show binned [el/Fe] values result-
ing from application of Equation 1 and combining the data
as described above. We binned the data as follows. For the
SWPs, stars with [Fe/H] < −0.20 were included in the most
metal-poor bin. The next bin included stars with 0.00 <
[Fe/H] 6 −0.20. The remaining bins are in steps of 0.1 dex
in [Fe/H], but the most metal-rich one includes one star 0.05
dex beyond its range. The metal-rich bins contain about 10-
20 stars each. For the comparison stars, the most-metal-poor
bin includes stars with [Fe/H] < −0.40. The remaining bins
are in steps of 0.1 dex in [Fe/H]. The number of stars i each
bin ranges from about 15 to 40.
The standard error of the mean, calculated from the
scatter of data values within each bin, is also shown for each
plotted point in Figures 6 and 7. This statistic may slightly
underestimate the errors for some of the metal-poor bins,
which contain relatively few stars.
3 DISCUSSION
Comparison of Figures 2 and 3 to Figures 4 and 5 confirms
that our data correction and combination procedure reduced
the scatter in the data points. For example, the standard de-
viations of our [Mg/Fe], [Al/Fe] and [Si/Fe] values in Figure
2 in the [Fe/H] range from 0.00 to 0.20 are ± 0.051, 0.045
and 0.033 dex, respectively; the corresponding values for the
Gilli et al. (2006) SWP data are ± 0.061, 0.073 and 0.053
dex. The corresponding numbers for the corrected and com-
bined data in Figure 4 are ± 0.044, 0.049 and 0.026 dex,
respectively.
This improved dataset allows us to search for subtle
differences between the SWPs and the comparison stars.
1 The value of [Ca/H] of one of the comparison stars of Bond
et al. (2006), HD 193193, is listed by them as -0.70. Jade Bond
confirmed to us that this is a typo. The correct value is -0.07.
c© ?? RAS, MNRAS 000, 1–7
Chemical Abundances for 18 Elements 5
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
[C
/F
e]
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
[S
i/
Fe
]
-0.4 0.0 0.4
[Fe/H]
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
[A
l/
Fe
]
-0.4 0.0 0.4
[Fe/H]
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
[M
g/
Fe
]
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
[N
a/
Fe
]
0.4
0.3
0.2
0.1
0.0
-0.1
-0.2
-0.3
[O
/F
e]
Figure 6. Binned values of [C/Fe], [O/Fe], [Na/Fe], [Mg/Fe],
[Al/Fe] and [Si/Fe] versus [Fe/H] for SWPs (filled circles) and
control stars (open circles).
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Figure 7. Binned values of [Ca/Fe], [Sc/Fe], [Ti/Fe] and [Ni/Fe]
versus [Fe/H] for SWPs (filled circles) and comparison stars (open
circles).
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Figure 8. Binned values of [Na/Fe], [Si/Fe], [Ti/Fe] and [Ni/Fe]
versus [Fe/H] for SWPs (filled circles) and comparison stars (open
circles) from the SPOCS database.
The metal-poor bins are well-represented by the comparison
stars, but there are very few SWPs with [Fe/H] < −0.2. Fur-
thermore, the binning is different for [Fe/H] < 0.00. There-
fore, we restrict our comparisons to data with [Fe/H] greater
than about −0.1.
Visual inspection of the binned data in Figures 6 and
7 reveals several differences between the SWP and compari-
son star abundances. Most of the elements plotted in the fig-
ures display at least one significant difference in the binned
data. More significant are those cases that display different
trends among the metal-rich bins. Among the most metal-
rich stars, for example, the Al/Fe and Si/Fe abundance ra-
tios are systematically smaller for the SWPs than for the
comparison stars, and the Ti/Fe ratio displays the opposite
trend. Other abundance ratios, such as Na/Fe, Mg/Fe, Sc/Fe
and Ni/Fe, display more subtle differences in the trends. The
differences appear smallest for the C/Fe, O/Fe and Ca/Fe
abundance ratios.
We show in Figure 8 the binned abundances for the
elements Na, Si, Ti and Ni from the SPOCS database. The
data were binned as in Figures 6 and 7. The SWPs number
104 and the comparison stars number 788; we excluded giant
stars from the samples. Visual inspection of the trends in
Figure 8 shows that they are generally similar to those in
Figures 6 and 7 for the same elements. For all four elements
shown in Figure 8 (but most prominently for Si and Ni), the
SWPs have higher abundance ratios than the comparison
stars at about [Fe/H] = +0.25 dex. This is consistent with
the findings of Robinson et al. (2006). At the highest value
of [Fe/H], [Na/Fe], [Si/Fe] and [Ti/Fe] are smaller for the
SWPs, but the error bars are larger at this [Fe/H] bin.
The data on Na, Si, Ti and Ni abundances from the
SPOCS database are not consistent with our findings. The
statistical analysis of Robinson et al. (2006) indicates that
SWPs have significantly more Si and Ni than stars without
c© ?? RAS, MNRAS 000, 1–7
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planets and that Ti is not significantly different between the
two samples.
It is not clear which of these results is correct. Valenti &
Fischer (2005) employed a new method of abundance analy-
sis very different from the more traditional method employed
by the other recent spectroscopic studies of SWPs. On the
face of it, we should expect the random errors to be smaller
for the comparison stars sample in the SPOCS database,
given its size and homogeneity, but the number of SWPs in
SPOCS is similar to that in Gilli et al. (2006).
The implications of real differences in the chemical
abundance patterns of SWPs compared to stars without
planets are far-ranging. For example, Gonzalez (2006a) em-
ployed some of the abundance data from the present work,
along with data from other studies, to search for anomalous
abundance trends with condensation temperature. No signif-
icant trends were found; Ecuvillon et al. (2006) and Huang et
al. (2005) independently reached the same conclusions. Had
such trends been found, they would have indicated that ac-
cretion of metal-rich material onto the convection zones of
SWPs (’self-enrichment’) may account for at least part of
their high observed metallicities (Gonzalez 2006b). Never-
theless, the search for trends with condensation temperature
should continue as the sample of SWPs continues to grow;
even upper limits on the amount of accreted metal-rich ma-
terial can be helpful.
The chemical abundance patterns among SWPs can
also give us clues about giant planet formation processes.
For example, the absence of strong evidence for competing
explanations for the planet-metallicity correlation leads us
to conclude that the ’primordial’ explanation accounts for
the bulk of the data. In addition, Ida & Lin (2005) have suc-
ceeded in reproducing the observed planet-metallicity corre-
lation within the theoretical framework of the core instabil-
ity accretion model.
Robinson et al. (2006) examined the abundance pat-
terns in SWPs to determine if initial metallicity is the only
controlling compositional factor in giant planet formation.
If giant planet formation depends on a nearby supernova,
for example, then not only will the metallicities differ but so
will the chemical abundance patterns of SWPs differ from
those of other nearby stars. It could be the case that an el-
ement other than Fe (employed as the primary metallicity
indicator) is physically more important for planet formation.
If overall metallicity is the only important factor, then the
el/Fe ratios should be the same in SWPs and comparison
stars.
If an element other than Fe is important for planet
formation, then differences between SWPs and comparison
stars will be evident in plots such as those shown in Figures
6 and 7. Among metal-rich stars there is a spread in [el/Fe]
of a few tenths of a dex at a given value of [Fe/H]. Some of
it is due to measurement error, but some is intrinsic. The
intrinsic spread in the abundance of an element other than
Fe critical to giant planet formation could be sufficient to
account for the observed planet-metallicity correlation. In
this case the Fe abundance would not be the primary de-
terminant of giant planet formation; Robinson et al. (2006)
suggest in this case that “...iron abundance derives its power
as a predictor of planet presence from its correlation with the
abundance of another element of more physical importance
to the planet formation process ....”
Based on their finding higher [Si/Fe] values among
SWPs, Robinson et al. (2006) predicted that other α-
elements would also be found to be enhanced in SWPs. In
particular, they predicted C, O, Ne, Mg, S and Ar should
also be enhanced in SWPs; since O is the most abundant
element at the location in the protoplanetary disk where gi-
ant planets form, they predict it should be more enhanced
in SWPs than the other elements. We do not confirm their
prediction of higher [O/Fe] values in SWPs.
Gonzalez (2006b) gave several suggestions for improving
abundance analyses of SWPs and comparison stars. In par-
ticular, there is need for more comparison stars with [Fe/H]
> 0.3 dex. The SWPs data extend to nearly 0.4 dex. Also,
the number of SWPs with [Fe/H] values below -0.2 dex is
relative small. This situation will improve as the number
of known SWPs continues to grow. Finally, it should be
relatively straightforward to double the number of SWPs
with multiple independent spectroscopic abundance analy-
ses, given the number of groups involved in such work. Of
particular importance will be improvements in O abundance
data.
4 CONCLUSIONS
We have determined [el/H] values for 18 elements in the
SWPs studied by Laws et al. (2003): Li, C, N, O, Na, Mg,
Al, Si, S, Ca, Sc, Ti, Cr, Mn, Ni, Cu, Zn and Eu. Comparison
of our results to those of other recent spectroscopic studies
of SWPs reveals small abundance offsets among them.
We combined our abundance data with similar data
from other studies of SWPs for a subset of these elements.
Prior to combining the datasets, we corrected the individ-
ual abundance values for systematic differences among the
studies. The resulting combined abundances exhibit slightly
different Al/Fe, Si/Fe and Ti/Fe ratios between the metal-
rich SWPs and comparison stars; more subtle differences
are apparent for Na/Fe, Mg/Fe, Sc/Fe and Ni/Fe. We do
not confirm the findings of Robinson et al. (2006) that Si
and Ni abundances are higher in SWPs compared to stars
without planets. Neither do we confirm their prediction that
O abundances should be higher among SWPs. We encour-
age additional studies of the abundance patterns of SWPs
with the goal of resolving these differing results.
ACKNOWLEDGMENTS
We thank Joan Gonzalez for help with data entry and the
anonymous reviewer for very helpful comments.
REFERENCES
Beirao P., Santos N. C., Israelian G., Mayor M., 2005,
A&A, 438, 251
Bond J. C., Tinney C. G., Butler R. P., Jones H. R. A.,
Marcy G. W., Penny A. J., Carter B. D., 2006, MNRAS,
370, 163
Cunha K., Smith V. V., Suntzeff N. B., Norris J. E., Da
Costa G. S., Plez B., 2002, AJ, 124, 379
Ecuvillon A., Israelian G., Santos N. C., Mayor M., Villan
V., Bihain G., 2004, A&A, 426, 619
c© ?? RAS, MNRAS 000, 1–7
Chemical Abundances for 18 Elements 7
Table 1. [X/H] values for Li, C, N and O.
Star Li C C C N O O
(HD) (EWs) (synth) (avg) (trip) (corr)
4203 −0.20± 0.08 0.45± 0.06 0.30± 0.07 0.38± 0.08 0.27± 0.10 0.35± 0.04 0.33± 0.04
4208 −0.55± 0.10 −0.30± 0.04 0.11± 0.10 −0.09± 0.09 — −0.17± 0.02 −0.12± 0.02
6434 −0.30± 0.10 −0.40± 0.05 −0.43± 0.10 −0.42± 0.10 — −0.01± 0.03 −0.01± 0.03
8574 1.35± 0.04 −0.10± 0.08 −0.18± 0.05 −0.17± 0.08 −0.37± 0.10 0.02± 0.13 0.00± 0.13
16141 0.19± 0.15 0.00± 0.03 0.02± 0.08 0.01± 0.07 −0.09± 0.10 0.13± 0.05 0.10± 0.05
19994 0.84± 0.05 0.08± 0.06 −0.03± 0.08 0.03± 0.09 −0.06± 0.10 0.20± 0.04 0.09± 0.04
22049 −0.79± 0.10 −0.10± 0.21 0.02± 0.10 −0.07± 0.20 — −0.09± 0.01 0.01± 0.01
27442 −0.99± 0.10 0.82± 0.73 0.36± 0.10 0.59± 0.65 0.78± 0.10 0.25± 0.03 0.33± 0.03
28185 −0.20± 0.10 0.18± 0.02 0.03± 0.10 0.11± 0.09 0.06± 0.10 0.13± 0.03 0.14± 0.03
33636 1.36± 0.04 −0.30± 0.04 −0.09± 0.05 −0.22± 0.06 −0.15± 0.10 −0.11± 0.03 −0.11± 0.03
37124 −0.47± 0.15 −0.20± 0.03 0.13± 0.10 −0.07± 0.09 0.29± 0.10 0.00± 0.05 0.03± 0.05
46375 −0.54± 0.10 0.31± 0.14 0.32± 0.10 0.32± 0.15 0.41± 0.10 0.20± 0.04 0.26± 0.04
50554 1.35± 0.10 −0.10± 0.05 −0.01± 0.10 −0.08± 0.10 0.02± 0.10 0.08± 0.04 0.04± 0.04
68988 0.99± 0.05 0.26± 0.02 0.24± 0.05 0.25± 0.05 0.24± 0.10 0.23± 0.04 0.17± 0.04
82943 1.31± 0.03 0.03± 0.04 0.16± 0.05 0.10± 0.06 0.02± 0.10 0.13± 0.03 0.08± 0.03
83443 0.01± 0.12 0.50± 0.14 0.46± 0.05 0.48± 0.13 0.51± 0.10 0.30± 0.03 0.32± 0.03
95128 0.55± 0.05 0.00± 0.06 0.20± 0.05 0.10± 0.07 −0.15± 0.10 0.08± 0.04 0.05± 0.04
106252 0.65± 0.05 −0.10± 0.03 0.26± 0.10 0.06± 0.09 −0.24± 0.10 0.01± 0.04 0.00± 0.04
108147 1.23± 0.05 0.00± 0.07 0.15± 0.07 0.06± 0.09 −0.42± 0.10 0.15± 0.03 0.05± 0.03
114783 −1.06± 0.08 0.22± 0.11 0.57± 0.12 0.40± 0.14 0.23± 0.10 0.03± 0.03 0.12± 0.03
117176 0.68± 0.05 0.00± 0.04 0.03± 0.10 −0.03± 0.09 −0.24± 0.10 0.04± 0.03 0.06± 0.03
121504 1.37± 0.04 0.00± 0.09 0.17± 0.07 0.06± 0.10 −0.08± 0.10 0.16± 0.08 0.11± 0.08
136118 1.20± 0.04 −0.10± 0.10 −0.10± 0.10 −0.10± 0.12 −0.68± 0.10 0.03± 0.05 −0.06± 0.05
141937 1.24± 0.05 0.00± 0.08 0.34± 0.05 0.15± 0.08 −0.21± 0.10 0.15± 0.06 0.12± 0.06
160691 −0.17± 0.10 0.16± 0.05 0.28± 0.10 0.22± 0.10 0.37± 0.10 0.07± 0.03 0.06± 0.03
168746 −0.36± 0.15 0.00± 0.06 0.19± 0.08 0.06± 0.09 −0.16± 0.10 0.09± 0.02 0.11± 0.02
169830 0.07± 0.10 −0.10± 0.09 0.01± 0.07 −0.07± 0.10 0.25± 0.10 0.24± 0.02 0.11± 0.02
190228 0.06± 0.10 −0.40± 0.09 −0.22± 0.07 −0.32± 0.10 −0.39± 0.10 −0.30± 0.04 −0.22± 0.04
195019 0.23± 0.10 0.00± 0.03 −0.14± 0.05 −0.11± 0.05 −0.33± 0.10 0.09± 0.04 0.08± 0.04
202206 0.48± 0.05 0.12± 0.03 0.04± 0.08 0.08± 0.07 0.19± 0.10 0.18± 0.03 0.17± 0.03
213240 1.36± 0.03 0.00± 0.03 0.03± 0.12 0.01± 0.11 0.00± 0.10 0.10± 0.06 0.04± 0.06
Ecuvillon A., Israelian G., Santos N. C., Mayor M., Gilli
G., 2006, A&A, 449, 809
Ecuvillon A., Israelian G., Santos N. C., Shchukina N. G.,
Mayor M., Rebolo R., 2006, A&A, 445, 633
Fischer D. A., Valenti J., 2005, ApJ, 622, 1102
Gilli G., Israelian G., Ecuvillon A., Santos N. C., Mayor
M., 2006, A&A, 449, 723
Gonzalez G. 1998, A&A, 334, 221
Gonzalez G. 2006, MNRAS, 367, L37
Gonzalez G., 2006, PASP, 118, 1494
Gonzalez G., Laws C., 2000, AJ, 119, 390
Gonzalez G., Laws C., Tyagi S., Reddy B. E., 2001, AJ,
121, 432
Gonzalez G., Vanture, A. D., 1998, A&A, 339,L29
Huang C., Zhao G., Zhang H.-W.., Chen Y.-Q., 2005, Chin.
J. A&A, 5, 619
Ida S., Lin D. N. C., 2005, Prog. Theor. Phys., 158, 68
Kurucz R., 1993, ATLAS9 Stellar Atmospheres Programs
and 2 km s−1 Grid CD-ROM Vol. 13, Smithsonian Astro-
physical Observatory
Kurucz R., Bell B., 1995, Kurucz CD-ROM No. 23, Smith-
sonian Astrophysical Observatory
Laws C., Gonzalez G., Walker K. M., Tyagi S., Dodsworth
J., Snider K., Suntzeff, N. B., 2003, AJ, 125, 2664
Luck R. E., Heiter U., 2006, AJ, 131, 3069
Prochaska J. X., McWilliam A., 2000, ApJ, 537, L57
Robinson S. E., Laughlin G., Bodenheimer P., Fischer D.,
2006, ApJ, 643, 484
Santos N. C., Israelian G., Mayor M., Bento J. P., Almeida
P. C., Sousa S. G., Ecuvillon A., 2005, A&A, 437, 1127
Sneden C., 1973, Ph.D. thesis, University of Texas at
Austin
Takeda Y., 2004, A&A, 402, 343
Takeda Y., Honda S., 2005, PASJ, 57, 65
Valenti J., Fischer D. A., 2005, ApJS, 159, 141
This paper has been typeset from a TEX/ LATEX file prepared
by the author.
c© ?? RAS, MNRAS 000, 1–7
8 G. Gonzalez
Table 2. [X/H] values for Al, Ca, Mg, Na and S.
Star Al Al Al Ca Mg Na S
(HD) (EWs) (synth) (avg)
4203 0.47± 0.05 0.27± 0.05 0.37± 0.06 0.34± 0.05 0.28± 0.10 0.43± 0.07 0.42± 0.06
4208 −0.32± 0.03 −0.20± 0.05 −0.27± 0.05 −0.23± 0.03 −0.22± 0.10 −0.32± 0.02 −0.15± 0.13
6434 −0.46± 0.02 −0.40± 0.05 −0.43± 0.05 −0.35± 0.03 −0.25± 0.10 −0.52± 0.02 −0.58± 0.09
8574 −0.06± 0.04 −0.10± 0.05 −0.12± 0.06 0.06± 0.04 0.02± 0.10 −0.02± 0.06 −0.11± 0.05
16141 0.07± 0.02 0.07± 0.04 0.07± 0.04 0.18± 0.03 0.08± 0.10 0.06± 0.05 0.06± 0.05
19994 0.12± 0.02 0.05± 0.04 0.09± 0.04 0.15± 0.07 0.04± 0.10 0.24± 0.04 0.05± 0.10
22049 −0.18± 0.04 −0.20± 0.07 −0.20± 0.07 −0.01± 0.06 −0.07± 0.10 −0.15± 0.04 0.03± 0.08
27442 0.51± 0.06 0.46± 0.06 0.48± 0.07 0.22± 0.06 — 0.33± 0.02 0.86± 0.11
28185 0.21± 0.06 0.21± 0.06 0.21± 0.07 0.20± 0.07 0.12± 0.10 0.28± 0.07 0.16± 0.07
33636 −0.23± 0.02 −0.20± 0.08 −0.22± 0.07 −0.04± 0.04 −0.11± 0.10 −0.21± 0.02 −0.31± 0.05
37124 −0.35± 0.02 −0.10± 0.06 −0.23± 0.05 −0.22± 0.08 −0.19± 0.10 −0.39± 0.04 −0.22± 0.12
46375 0.21± 0.04 0.28± 0.06 0.24± 0.06 0.24± 0.04 0.22± 0.10 0.22± 0.08 0.47± 0.04
50554 −0.12± 0.04 −0.10± 0.04 −0.12± 0.05 0.02± 0.04 −0.06± 0.10 −0.08± 0.04 −0.19± 0.07
68988 0.33± 0.02 0.24± 0.05 0.29± 0.05 0.29± 0.03 0.27± 0.10 0.41± 0.05 0.41± 0.13
82943 0.10± 0.02 0.13± 0.05 0.12± 0.04 0.24± 0.04 0.14± 0.10 0.25± 0.03 0.10± 0.02
83443 0.52± 0.06 0.41± 0.06 0.47± 0.07 0.29± 0.05 — 0.47± 0.03 0.58± 0.08
95128 −0.01± 0.06 0.00± 0.06 −0.03± 0.07 0.03± 0.04 0.05± 0.10 0.02± 0.04 −0.05± 0.10
106252 −0.14± 0.03 0.00± 0.05 −0.10± 0.05 −0.08± 0.02 −0.06± 0.10 −0.11± 0.02 −0.07± 0.02
108147 0.13± 0.04 0.03± 0.05 0.08± 0.06 0.22± 0.04 0.12± 0.10 0.12± 0.04 −0.06± 0.03
114783 0.09± 0.06 0.04± 0.07 0.07± 0.08 0.13± 0.08 0.16± 0.10 0.15± 0.06 0.21± 0.12
117176 −0.06± 0.03 0.00± 0.08 −0.04± 0.07 −0.03± 0.04 −0.04± 0.10 −0.15± 0.04 −0.11± 0.10
121504 0.11± 0.02 0.00± 0.06 0.05± 0.05 0.33± 0.19 0.05± 0.10 0.02± 0.02 0.16± 0.13
136118 −0.13± 0.02 −0.20± 0.07 −0.17± 0.06 −0.04± 0.08 −0.16± 0.10 −0.05± 0.03 −0.18± 0.05
141937 0.00± 0.03 0.09± 0.07 0.05± 0.07 0.12± 0.04 0.05± 0.10 0.04± 0.03 −0.08± 0.06
160691 0.30± 0.08 0.18± 0.06 0.24± 0.09 0.17± 0.02 — 0.34± 0.07 0.26± 0.03
168746 0.03± 0.02 0.09± 0.05 0.06± 0.05 0.02± 0.04 0.01± 0.10 −0.09± 0.02 −0.15± 0.06
169830 0.14± 0.03 0.07± 0.07 0.11± 0.07 0.08± 0.05 — 0.13± 0.06 −0.02± 0.03
190228 −0.25± 0.02 −0.10± 0.06 −0.22± 0.06 −0.20± 0.05 −0.18± 0.10 −0.26± 0.03 −0.31± 0.08
195019 −0.03± 0.02 0.00± 0.05 −0.02± 0.05 0.05± 0.05 −0.03± 0.10 −0.08± 0.03 −0.08± 0.05
202206 0.23± 0.04 0.33± 0.05 0.28± 0.06 0.30± 0.03 0.19± 0.10 0.27± 0.04 0.24± 0.07
213240 −0.03± 0.02 0.12± 0.05 0.04± 0.04 0.02± 0.21 — 0.18± 0.04 −0.30± 0.11
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Table 3. [X/H] values for Sc, Si and Ti.
Star Sc Si Ti I Ti II Ti
(HD) (avg)
4203 0.49± 0.02 0.42± 0.04 0.43± 0.07 0.37± 0.04 0.40± 0.07
4208 −0.19± 0.06 −0.27± 0.02 −0.21± 0.03 −0.23± 0.07 −0.22± 0.07
6434 −0.33± 0.08 −0.33± 0.02 −0.32± 0.02 −0.25± 0.04 −0.28± 0.04
8574 0.09± 0.08 0.05± 0.02 0.01± 0.04 0.08± 0.10 0.04± 0.09
16141 0.28± 0.05 0.15± 0.02 0.17± 0.02 0.26± 0.03 0.22± 0.03
19994 0.11± 0.02 0.23± 0.02 0.16± 0.02 0.04± 0.02 0.10± 0.02
22049 −0.12± 0.07 −0.10± 0.04 0.03± 0.07 −0.20± 0.06 −0.09± 0.08
27442 0.38± 0.10 0.32± 0.12 0.54± 0.22 — 0.54± 0.22
28185 0.38± 0.04 0.10± 0.16 0.28± 0.03 0.30± 0.02 0.29± 0.03
33636 −0.13± 0.06 −0.11± 0.11 −0.08± 0.02 −0.13± 0.10 −0.10± 0.09
37124 −0.15± 0.08 −0.24± 0.02 −0.12± 0.04 −0.09± 0.05 −0.11± 0.06
46375 0.38± 0.04 0.33± 0.05 0.45± 0.11 0.31± 0.02 0.38± 0.10
50554 0.03± 0.08 0.01± 0.02 −0.02± 0.02 0.03± 0.06 0.00± 0.06
68988 0.44± 0.06 0.38± 0.03 0.36± 0.06 0.37± 0.06 0.37± 0.07
82943 0.30± 0.06 0.24± 0.02 0.22± 0.02 0.21± 0.04 0.22± 0.04
83443 0.56± 0.10 0.45± 0.05 0.43± 0.10 — 0.43± 0.10
95128 0.11± 0.07 0.05± 0.02 0.05± 0.02 0.07± 0.05 0.06± 0.05
106252 0.04± 0.02 −0.02± 0.02 −0.10± 0.02 0.01± 0.05 −0.04± 0.04
108147 0.30± 0.02 0.22± 0.02 0.27± 0.03 0.28± 0.07 0.28± 0.07
114783 0.25± 0.11 0.15± 0.04 0.27± 0.08 0.08± 0.02 0.17± 0.07
117176 0.06± 0.06 −0.03± 0.02 0.02± 0.02 0.04± 0.06 0.03± 0.06
121504 0.14± 0.05 0.13± 0.02 0.14± 0.05 0.02± 0.04 0.08± 0.06
136118 −0.09± 0.03 0.00± 0.02 0.00± 0.03 −0.12± 0.02 −0.06± 0.03
141937 0.16± 0.04 0.13± 0.02 0.12± 0.03 0.14± 0.06 0.13± 0.06
160691 0.39± 0.10 0.33± 0.04 0.31± 0.07 — 0.31± 0.07
168746 0.12± 0.04 0.02± 0.02 0.11± 0.02 0.10± 0.03 0.10± 0.03
169830 0.10± 0.10 0.19± 0.02 0.17± 0.02 — 0.17± 0.02
190228 −0.27± 0.03 −0.27± 0.03 −0.17± 0.03 −0.29± 0.06 −0.23± 0.06
195019 −0.23± 0.25 0.02± 0.02 −0.02± 0.02 0.02± 0.04 0.00± 0.04
202206 0.40± 0.03 0.31± 0.03 0.32± 0.05 0.27± 0.05 0.29± 0.06
213240 0.33± 0.10 0.21± 0.02 0.29± 0.02 — 0.29± 0.02
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Table 4. [X/H] values for Cr, Cu and Mn.
Star Cr Cr Cr Cu Mn
(HD) (EW) (synth) (avg)
4203 0.30± 0.08 0.23± 0.07 0.26± 0.05 0.48± 0.06 0.54± 0.05
4208 −0.36± 0.06 −0.28± 0.15 −0.34± 0.06 −0.10± 0.15 −0.19± 0.06
6434 −0.61± 0.10 −0.55± 0.07 −0.57± 0.06 −0.49± 0.05 −0.61± 0.08
8574 −0.08± 0.06 −0.18± 0.07 −0.13± 0.05 0.01± 0.05 −0.01± 0.05
16141 0.11± 0.05 0.01± 0.08 0.06± 0.04 0.19± 0.04 0.24± 0.06
19994 0.07± 0.06 −0.01± 0.08 0.03± 0.05 0.30± 0.05 0.31± 0.05
22049 −0.14± 0.10 −0.20± 0.08 −0.18± 0.06 −0.18± 0.06 0.16± 0.06
27442 — — — — 1.08± 0.10
28185 0.15± 0.05 0.14± 0.08 0.15± 0.04 0.38± 0.06 0.52± 0.07
33636 −0.15± 0.05 −0.11± 0.06 −0.13± 0.04 0.02± 0.06 −0.01± 0.04
37124 −0.45± 0.06 −0.37± 0.05 −0.41± 0.04 −0.21± 0.04 −0.32± 0.05
46375 0.16± 0.06 0.13± 0.07 0.15± 0.04 0.44± 0.06 0.61± 0.06
50554 −0.09± 0.05 −0.02± 0.07 −0.06± 0.04 0.08± 0.05 0.09± 0.08
68988 0.29± 0.06 0.19± 0.08 0.24± 0.05 0.45± 0.05 0.61± 0.05
82943 0.17± 0.05 0.26± 0.05 0.22± 0.04 0.40± 0.05 0.44± 0.07
83443 — — — — 0.88± 0.06
95128 −0.04± 0.05 −0.05± 0.05 −0.05± 0.04 0.16± 0.04 0.19± 0.06
106252 −0.16± 0.05 −0.10± 0.08 −0.13± 0.04 0.06± 0.05 0.11± 0.07
108147 0.14± 0.10 — 0.14± 0.10 — 0.37± 0.07
114783 0.06± 0.10 −0.03± 0.10 0.01± 0.08 0.28± 0.08 0.39± 0.10
117176 −0.15± 0.06 −0.17± 0.10 −0.16± 0.05 −0.08± 0.04 0.15± 0.06
121504 0.04± 0.07 — 0.04± 0.07 — 0.39± 0.06
136118 −0.07± 0.06 −0.05± 0.15 −0.06± 0.16 0.11± 0.15 0.10± 0.10
141937 0.10± 0.06 0.14± 0.05 0.12± 0.04 0.20± 0.05 0.30± 0.03
160691 — — — — 0.62± 0.07
168746 −0.15± 0.07 −0.21± 0.08 −0.08± 0.11 0.01± 0.04 0.00± 0.06
169830 — — — — 0.28± 0.06
190228 −0.35± 0.06 −0.24± 0.10 −0.30± 0.06 −0.15± 0.05 −0.19± 0.07
195019 −0.06± 0.05 −0.12± 0.07 −0.09± 0.04 −0.01± 0.07 0.13± 0.05
202206 0.27± 0.06 0.18± 0.08 0.23± 0.05 0.29± 0.05 0.56± 0.05
213240 — — — — 0.55± 0.10
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Table 5. [X/H] values fo Ni, Zn and Eu.
Star Ni Ni Ni Zn Eu
(HD) (EW) (synth) (avg)
4203 0.35± 0.08 0.29± 0.05 0.32± 0.04 0.56± 0.08 0.34± 0.05
4208 −0.23± 0.07 −0.25± 0.08 −0.24± 0.05 — 0.03± 0.04
6434 −0.47± 0.10 −0.54± 0.10 −0.51± 0.08 −0.50± 0.10 −0.32± 0.08
8574 0.02± 0.06 −0.09± 0.07 −0.03± 0.05 — −0.11± 0.06
16141 0.14± 0.06 0.03± 0.06 0.08± 0.05 — 0.09± 0.04
19994 0.00± 0.07 0.06± 0.10 0.03± 0.06 −0.16± 0.09 0.00± 0.06
22049 −0.14± 0.09 −0.12± 0.08 −0.13± 0.07 — —
27442 0.07± 0.11 0.65± 0.10 0.36± 0.25 — —
28185 0.17± 0.06 0.17± 0.10 0.17± 0.05 0.25± 0.07 0.05± 0.04
33636 −0.12± 0.07 −0.12± 0.06 −0.12± 0.05 — 0.03± 0.05
37124 −0.30± 0.07 −0.34± 0.07 −0.32± 0.05 — −0.23± 0.07
46375 0.33± 0.08 0.24± 0.08 0.29± 0.06 — 0.25± 0.07
50554 −0.04± 0.06 −0.09± 0.10 −0.06± 0.06 — −0.02± 0.05
68988 0.36± 0.08 0.38± 0.07 0.37± 0.06 0.38± 0.09 0.25± 0.07
82943 0.26± 0.07 0.25± 0.10 0.25± 0.07 — 0.22± 0.05
83443 0.35± 0.11 0.45± 0.09 0.40± 0.08 — 0.41± 0.08
95128 0.02± 0.06 −0.01± 0.08 0.00± 0.05 0.14± 0.07 −0.11± 0.04
106252 −0.06± 0.06 −0.11± 0.08 −0.09± 0.05 — −0.03± 0.04
108147 0.35± 0.09 0.24± 0.10 0.30± 0.07 — 0.48± 0.05
114783 0.12± 0.08 −0.04± 0.10 0.04± 0.08 −0.43± 0.10 0.19± 0.10
117176 −0.11± 0.08 −0.13± 0.05 −0.12± 0.05 0.05± 0.10 0.02± 0.08
121504 0.07± 0.08 0.16± 0.08 0.12± 0.06 — 0.06± 0.07
136118 −0.17± 0.08 −0.11± 0.10 −0.14± 0.07 −0.11± 0.09 0.01± 0.06
141937 0.10± 0.09 0.13± 0.05 0.12± 0.05 0.34± 0.09 0.12± 0.07
160691 0.23± 0.09 0.47± 0.08 0.35± 0.08 — 0.51± 0.06
168746 −0.12± 0.08 −0.08± 0.06 −0.10± 0.05 −0.23± 0.09 0.01± 0.08
169830 0.14± 0.08 0.15± 0.07 0.15± 0.05 — 0.15± 0.06
190228 −0.29± 0.07 −0.33± 0.07 −0.31± 0.05 — −0.37± 0.07
195019 −0.11± 0.06 −0.14± 0.10 −0.12± 0.06 — −0.15± 0.04
202206 0.34± 0.08 0.23± 0.10 0.28± 0.07 0.22± 0.09 0.29± 0.08
213240 0.22± 0.08 0.22± 0.08 0.22± 0.06 — 0.08± 0.08
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Table 6. Calibration constants for equation 1 for ele-
ments other than C and O.
Element [el/H] calibration constantsa:
A0
A1 × 104
A2
LH - G GG - G B - G
Na +1.72± 0.19 +0.80± 0.17 +2.03± 0.36
−2.96± 0.32 −1.47± 0.29 −3.57± 0.63
+0.18± 0.04 +0.07± 0.05 −0.24± 0.06
Mg +0.66± 0.27 −0.09± 0.01 –
−1.15± 0.45 – –
+0.29± 0.07 – –
Al +0.69± 0.15 +0.04± 0.02 −0.30± 0.01
−1.32± 0.26 −0.30± 0.29 –
+0.14± 0.05 +0.11± 0.04 −0.06± 0.05
Si +0.70± 0.12 +0.04± 0.01 +0.79± 0.30
−1.15± 0.20 – −1.33± 0.52
+0.15± 0.03 +0.07± 0.04 −0.13± 0.05
Ca +1.30± 0.20 +0.73± 0.18 +0.02± 0.01
−2.06± 0.34 −1.09± 0.32 –
+0.31± 0.06 +0.17± 0.07 −0.16± 0.06
Sc −0.04± 0.01 +0.23± 0.23 –
– −0.45± 0.39 –
+0.25± 0.05 +0.25± 0.07 –
Ti +0.70± 0.16 −0.02± 0.17 −1.02± 0.81
−1.24± 0.26 – +1.6± 1.4
+0.35± 0.04 +0.20± 0.04 +0.29± 0.17
Fe +0.71± 0.13 +0.22± 0.09 −0.12± 0.02
−1.24± 0.22 −0.39± 0.15 –
+0.18± 0.03 +0.05± 0.03 −0.28± 0.09
Ni – +0.00± 0.01 −0.09± 0.02
– – –
– +0.07± 0.05 −0.25± 0.07
a The abbreviations are: B – Bond et al. (2006); G
– Gilli et al. (2006); GG – Gonzalez & Laws (2000),
Gonzalez et al. (2001) and the present work; LH –
Luck & Heiter (2006).
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Table 7. Calibration constants for equation 1 for C
and O.
Element [el/H] calibration constantsa:
studies
A0
A1 × 104
A2
C LH - E1 GG - E1 T - E1 B - E1
−0.08± 0.01 +0.76± 0.27 +0.68± 0.33 −0.05± 0.02
– −1.51± 0.45 −1.29± 0.55 –
+0.22± 0.06 +0.31± 0.08 +0.21± 0.11 –
O GG - LH T - LH E2 - LH –
+0.92± 0.41 +0.60± 0.45 −0.05± 0.03 –
−1.65± 0.69 −1.06± 0.77 – –
+0.28± 0.21 – +0.53± 0.18 –
a The abbreviations for the studies are: LH – Luck
& Heiter (2006); E1 – Ecuvillon et al. (2004); E2 –
Ecuvillon et al. (2006); GG – Gonzalez & Laws (2000),
Gonzalez et al. (2001) and the present work; T –
Takeda & Honda (2005).
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Table 8. Combined abundance values for SWPs.
Star [Fe/H] [C/H] [O/H] [Na/H] [Mg/H] [Al/H] [Si/H] [Ca/H] [Sc/H] [Ti/H] [Ni/H]
(HD) σ,N
142 0.117 – – 0.218 – – 0.144 0.099 – 0.074 0.113
0.070, 2 – – 0.070,2 – – 0.061,2 0.125,2 – 0.124,2 0.095,2
1237 0.132 – 0.059 0.005 0.110 0.109 0.059 0.015 0.101 0.111 0.072
0.047, 2 – 0.076,2 0.051,2 0.045,2 0.051,2 0.043,2 0.074,2 0.081,2 0.060,2 0.051,2
2039 0.323 – – 0.408 – 0.344 0.315 0.225 – 0.293 0.331
0.065, 2 – – 0.065,2 – 0.041,2 0.089,2 0.115,2 – 0.104,2 0.065,2
4203 0.388 0.402 0.147 0.426 0.425 0.484 0.375 0.203 0.462 0.377 0.360
0.045, 2 0.075,2 0.151,2 0.061,2 0.082,2 0.047,2 0.051,2 0.073,2 0.086,2 0.075,2 0.063,2
4208 -0.241 0.009 – -0.245 -0.125 -0.107 -0.261 -0.310 -0.134 -0.147 -0.236
0.035, 2 0.0149,2 – 0.032,2 0.091,2 0.038,2 0.045,2 0.067,2 0.071,2 0.065,2 0.061,2
6434 -0.520 -0.145 – -0.403 -0.185 -0.245 -0.359 -0.424 -0.272 -0.246 -0.497
0.075, 2 0.152,2 – 0.051,2 0.086,2 0.061,2 0.045,2 0.087,2 0.102,2 0.083,2 0.071,2
8574 0.029 0.051 0.093 0.078 0.102 0.074 0.007 0.004 0.099 0.053 -0.014
0.053, 3 0.070,3 0.092,2 0.054,3 0.074,3 0.087,3 0.059,3 0.057,3 0.077,3 0.084,3 0.061,2
9826 0.131 0.220 0.120 0.225 0.185 – 0.124 0.081 0.158 0.131 0.085
0.067, 2 0.095,3 0.076,2 0.061,2 0.075,2 – 0.045,2 0.085,2 0.108,2 0.076,2 0.095,2
10697 0.144 0.137 0.099 0.142 0.205 0.200 0.090 0.007 0.190 0.123 0.101
0.035, 2 0.065,3 0.074,2 0.030,2 0.051,2 0.025,2 0.022,2 0.054,2 0.070,2 0.035,2 0.061,2
12661 0.346 0.295 – 0.393 0.425 0.472 0.291 0.128 0.381 0.293 0.314
0.038, 2 0.055,2 – 0.057,2 0.040,2 0.030,2 0.047,2 0.094,2 0.067,2 0.041,2 0.075,2
16141 0.150 0.119 0.096 0.094 0.167 0.194 0.076 0.024 0.163 0.155 0.083
0.037, 3 0.072,4 0.082,4 0.062,3 0.083,3 0.057,3 0.042,3 0.062,3 0.072,3 0.048,3 0.050,2
17051 0.195 0.215 0.155 0.208 0.175 0.167 0.158 0.103 0.231 0.160 0.142
0.056, 3 0.076,2 0.081,2 0.038,3 0.055,2 0.036,3 0.051,3 0.100,3 0.063,2 0.070,3 0.054,3
19994 0.215 0.277 0.147 0.401 0.241 0.280 0.214 0.127 0.250 0.175 0.150
0.058, 3 0.088,4 0.078,4 0.051,3 0.102,3 0.070,3 0.059,3 0.068,3 0.045,3 0.071,3 0.071,2
22049 -0.121 0.009 -0.049 -0.212 -0.010 -0.069 -0.147 -0.194 -0.155 -0.050 -0.185
0.035, 2 0.158,2 0.071,3 0.045,2 0.076,2 0.054,2 0.045,2 0.108,2 0.092,2 0.075,2 0.065,2
23079 -0.124 – – -0.086 – -0.054 -0.109 -0.128 – -0.049 -0.171
0.065,2 – – 0.067,2 – 0.041,2 0.055,2 0.096,2 – 0.085,2 0.061,2
23596 0.274 0.249 0.066 0.429 0.228 0.320 0.237 0.148 0.293 0.241 –
0.050,2 0.045,2 0.050,2 0.051,2 0.108,2 0.079,2 0.055,2 0.047,2 0.067,2 0.082,2 –
27442 0.373 0.358 0.165 0.315 – 0.531 0.363 0.049 0.372 0.423 0.348
0.098,2 0.469,2 0.115,2 0.177,2 – 0.075,2 0.136,2 0.127,2 0.127,2 0.206,2 0.190,2
28185 0.223 0.224 0.087 0.267 0.190 0.315 0.137 0.038 0.311 0.266 0.205
0.056,3 0.066,3 0.093,3 0.081,3 0.087,3 0.060,3 0.105,3 0.077,3 0.085,3 0.068,3 0.045,2
30177 0.384 – – 0.398 – 0.558 0.387 0.174 – 0.330 0.421
0.070,2 – – 0.076,2 – 0.061,2 0.075,2 0.130,2 – 0.110,2 0.089,2
33636 -0.072 0.037 -0.035 -0.081 -0.045 -0.013 -0.099 -0.131 -0.018 -0.007 -0.121
0.045,3 0.090,4 0.086,4 0.033,3 0.076,2 0.054,3 0.080,3 0.064,3 0.067,3 0.108,3 0.073,2
37124 -0.385 -0.069 0.015 -0.352 -0.115 -0.101 -0.285 -0.360 -0.177 -0.134 -0.374
0.037,3 0.093,3 0.045,2 0.041,3 0.072,2 0.057,3 0.053,3 0.078,3 0.082,3 0.076,3 0.050,2
38529 0.363 0.327 0.314 0.431 0.405 0.448 0.334 0.186 0.387 0.332 –
0.062,3 0.110,3 0.082,3 0.065,2 0.129,2 0.096,2 0.082,2 0.065,2 0.075,2 0.098,2 –
39091 0.130 – – 0.179 – 0.156 0.113 0.033 – 0.065 0.129
0.063,2 – – 0.051,2 – 0.060,2 0.035,2 0.075,2 – 0.055,2 0.050,2
40979 0.214 0.083 – 0.313 0.209 – 0.203 0.132 0.191 0.201 –
0.050,2 0.163,2 – 0.040,2 0.079,2 – 0.055,2 0.057,2 0.095,2 0.082,2 –
46375 0.234 0.268 0.145 0.186 0.350 0.326 0.208 0.021 0.232 0.284 0.221
0.047,2 0.145,2 0.070,2 0.071,2 0.076,2 0.060,2 0.055,2 0.089,2 0.083,2 0.095,2 0.065,2
50554 0.015 0.048 0.078 0.027 0.029 0.040 -0.042 -0.058 0.031 0.022 -0.063
0.035,3 0.083,4 0.074,4 0.051,3 0.115,3 0.076,3 0.047,3 0.055,3 0.071,3 0.065,3 0.051,2
52265 0.230 0.209 0.146 0.278 0.215 0.264 0.194 0.110 0.228 0.189 0.208
0.047,3 0.068,4 0.068,4 0.043,3 0.069,3 0.083,3 0.053,3 0.052,3 0.062,3 0.065,3 0.067,2
68988 0.341 0.302 0.245 0.441 0.377 0.410 0.322 0.167 0.367 0.309 0.358
0.054,3 0.057,3 0.051,2 0.047,3 0.081,3 0.062,3 0.084,3 0.095,3 0.104,3 0.101,3 0.071,2
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Table 8 – continued
Star [Fe/H] [C/H] [O/H] [Na/H] [Mg/H] [Al/H] [Si/H] [Ca/H] [Sc/H] [Ti/H] [Ni/H]
(HD) σ,N
70642 0.202 – – 0.277 – – 0.187 0.045 – 0.368 0.270
0.051,2 – – 0.095,2 – – 0.083,2 0.065,2 – 0.073,2 0.051,2
72659 0.008 -0.026 0.054 0.058 0.094 0.051 0.016 -0.061 0.069 0.069 –
0.051,2 0.040,2 0.045,2 0.063,2 0.076,2 0.065,2 0.075,2 0.070,2 0.070,2 0.096,2 –
73526 0.266 – – 0.210 – 0.419 0.263 0.153 – 0.337 0.274
0.065,2 – – 0.051,2 – 0.055,2 0.067,2 0.110,2 – 0.090,2 0.089,2
74156 0.142 0.148 0.193 0.218 0.143 0.236 0.123 0.054 0.189 0.162 –
0.045,2 0.045,2 0.045,2 0.030,2 0.030,2 0.114,2 0.045,2 0.070,2 0.078,2 0.081,2 –
75289 0.276 0.201 – 0.198 0.230 0.286 0.236 0.194 0.266 0.216 0.221
0.064,3 0.082,2 – 0.051,3 0.070,2 0.041,2 0.051,3 0.087,3 0.105,2 0.065,3 0.072,3
75732 0.370 0.292 0.192 0.278 – 0.517 0.306 0.091 0.375 0.340 0.361
0.061,2 0.107,3 0.105,2 0.081,2 – 0.051,2 0.051,2 0.122,2 0.112,2 0.106,2 0.095,2
76700 0.329 – – 0.336 – 0.537 0.329 0.236 – 0.332 0.317
0.067,2 – – 0.071,2 – 0.040,2 0.067,2 0.105,2 – 0.061,2 0.095,2
80606 0.349 0.297 – 0.359 0.383 0.460 0.301 0.121 0.381 0.342 –
0.073,2 0.106,2 – 0.075,2 0.148,2 0.060,2 0.071,2 0.114,2 0.116,2 0.100,2 –
82943 0.261 0.263 0.146 0.307 0.219 0.257 0.212 0.122 0.242 0.201 0.252
0.034,3 0.090,4 0.072,4 0.024,3 0.071,3 0.066,3 0.047,3 0.048,3 0.064,3 0.054,3 0.057,2
83443 0.377 0.361 0.155 0.454 – 0.628 0.432 0.149 0.490 0.383 0.454
0.055,3 0.108,2 0.094,2 0.065,3 – 0.079,3 0.047,3 0.088,3 0.105,2 0.100,3 0.084,3
89744 0.256 0.250 0.219 0.384 0.363 0.312 0.222 0.170 0.254 0.234 0.217
0.053,3 0.079,4 0.083,3 0.073,3 0.040,2 0.132,3 0.051,3 0.068,3 0.077,3 0.070,3 0.076,2
92788 0.314 0.285 0.208 0.369 0.410 0.408 0.289 0.170 0.357 0.309 –
0.044,3 0.096,2 0.108,2 0.051,2 0.045,2 0.060,2 0.063,2 0.076,2 0.065,2 0.065,2 –
95128 0.058 0.124 0.091 0.083 0.115 0.100 0.008 -0.064 0.112 0.076 0.011
0.025,2 0.074,3 0.051,3 0.035,2 0.076,2 0.054,2 0.025,2 0.063,2 0.075,2 0.055,2 0.055,2
106252 -0.037 0.065 0.108 -0.019 0.062 0.031 -0.067 -0.137 -0.010 -0.032 -0.092
0.041,3 0.059,3 0.052,3 0.031,3 0.103,3 0.033,3 0.039,3 0.042,3 0.061,3 0.059,3 0.045,2
108147 0.219 0.178 0.123 0.206 0.210 – 0.147 0.121 0.235 0.194 0.200
0.055,2 0.076,2 0.067,2 0.051,2 0.076,2 – 0.038,2 0.070,2 0.065,2 0.070,2 0.065,2
108874 0.235 0.224 0.105 0.167 0.322 0.294 0.157 0.023 0.258 0.216 –
0.050,2 0.110,2 0.120,2 0.061,2 0.074,2 0.057,2 0.051,2 0.076,2 0.100,2 0.075,2 –
114762 -0.657 -0.316 -0.162 -0.546 -0.313 – -0.516 -0.557 -0.485 -0.428 –
0.051,2 0.060,2 0.058,2 0.047,2 0.107,2 – 0.051,2 0.070,2 0.075,2 0.098,2 –
114783 0.114 0.308 0.046 -0.010 0.205 0.177 0.059 -0.174 0.150 0.160 0.044
0.032,2 0.135,2 0.129,2 0.051,2 0.076,2 0.071,2 0.051,2 0.075,2 0.096,2 0.075,2 0.085,2
117176 -0.052 -0.022 0.015 -0.121 0.049 0.081 -0.092 -0.154 0.034 0.006 -0.116
0.044,3 0.072,4 0.059,4 0.048,3 0.135,3 0.064,3 0.054,3 0.048,3 0.067,3 0.061,3 0.050,2
120136 0.332 0.329 0.300 0.463 – 0.398 0.333 0.161 0.284 0.330 0.217
0.079,3 0.084,4 0.055,2 0.096,3 – 0.100,2 0.073,3 0.104,3 0.112,3 0.108,3 0.149,2
121504 0.144 0.130 0.128 0.107 0.120 0.188 0.095 0.113 0.166 0.149 0.117
0.050,2 0.091,2 0.071,2 0.025,2 0.082,2 0.055,2 0.032,2 0.149,2 0.085,2 0.060,2 0.065,2
128311 0.023 – -0.073 -0.218 0.096 0.077 -0.036 -0.201 0.138 0.050 –
0.081,2 – 0.126,2 0.139,2 0.071,2 0.095,2 0.070,2 0.114,2 0.126,2 0.136,2 –
130322 0.033 0.017 -0.060 -0.103 0.077 0.084 -0.036 -0.140 0.075 0.047 -0.005
0.045,3 0.086,2 0.063,2 0.067,3 0.067,3 0.044,3 0.045,3 0.093,3 0.067,3 0.074,3 0.070,2
134987 0.304 0.307 0.236 0.342 0.365 0.396 0.256 0.110 0.360 0.269 0.311
0.062,4 0.080,4 0.081,4 0.060,4 0.064,3 0.044,4 0.059,4 0.087,4 0.051,3 0.078,4 0.089,3
136118 -0.010 0.049 0.112 0.067 0.037 0.023 -0.042 -0.057 -0.007 0.014 -0.120
0.053,3 0.081,3 0.045,2 0.075,3 0.085,3 0.082,2 0.058,3 0.090,3 0.062,3 0.092,3 0.057,2
141937 0.121 0.183 0.076 0.094 0.172 0.164 0.074 -0.004 0.126 0.117 0.092
0.044,3 0.070,3 0.067,3 0.034,3 0.108,3 0.066,3 0.039,3 0.050,3 0.074,3 0.069,3 0.050,2
143761 -0.200 -0.071 0.035 -0.175 -0.019 – -0.167 -0.232 -0.060 -0.076 –
0.040,2 0.079,3 0.097,3 0.054,2 0.087,2 – 0.035,2 0.076,2 0.081,2 0.086,2 –
145675 0.452 0.364 0.281 0.452 0.521 0.546 0.379 0.131 0.452 0.413 0.462
0.079,3 0.110,4 0.110,3 0.091,3 0.102,3 0.074,3 0.049,3 0.131,3 0.118,3 0.141,3 0.100,2
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Table 8 – continued
Star [Fe/H] [C/H] [O/H] [Na/H] [Mg/H] [Al/H] [Si/H] [Ca/H] [Sc/H] [Ti/H] [Ni/H]
(HD) σ,N
160691 0.311 0.260 – 0.406 – 0.389 0.278 0.115 0.319 0.268 0.313
0.045,3 0.076,2 – 0.061,3 – 0.062,3 0.052,3 0.076,3 0.076,2 0.068,3 0.073,3
168443 0.076 0.176 0.069 0.042 0.224 0.243 0.075 -0.040 0.220 0.162 0.091
0.044,3 0.060,4 0.069,4 0.031,3 0.048,3 0.078,3 0.045,3 0.069,3 0.065,4 0.064,3 0.067,2
168746 -0.055 0.092 0.019 -0.052 0.128 0.196 -0.026 -0.116 0.131 0.090 -0.106
0.041,3 0.096,3 0.058,3 0.033,3 0.083,3 0.071,3 0.047,3 0.073,3 0.099,4 0.057,3 0.055,2
169830 0.188 0.203 0.151 0.319 0.211 0.206 0.138 0.078 0.141 0.128 0.116
0.051,3 0.074,4 0.060,3 0.054,3 0.121,2 0.082,3 0.039,3 0.064,3 0.079,3 0.074,3 0.050,2
177830 0.350 0.436 0.375 0.305 0.506 0.550 0.353 -0.005 0.389 0.372 –
0.096,3 0.172,2 0.070,2 0.167,2 0.082,3 0.051,2 0.134,2 0.118,2 0.147,2 0.159,2 –
178911 0.239 0.241 0.147 0.147 0.273 0.271 0.217 0.033 0.270 0.272 –
0.079,2 0.073,2 0.085,2 0.061,2 0.070,2 0.074,2 0.071,2 0.100,2 0.073,2 0.086,2 –
179949 0.226 0.242 0.099 0.281 0.274 – 0.156 0.120 0.137 0.162 –
0.055,2 0.095,3 0.126,3 0.086,2 0.089,2 – 0.067,2 0.070,2 0.085,2 0.079,2 –
186427 0.077 0.086 0.001 0.074 0.168 0.142 0.036 -0.062 0.156 0.104 –
0.040,2 0.063,3 0.067,3 0.025,2 0.079,2 0.060,2 0.055,2 0.074,2 0.080,2 0.070,2 –
187123 0.125 0.124 0.036 0.131 0.169 0.177 0.070 0.001 0.137 0.107 0.099
0.041,3 0.051,3 0.055,2 0.035,3 0.103,3 0.068,3 0.039,3 0.057,3 0.055,3 0.062,3 0.060,2
190228 -0.236 -0.155 -0.140 -0.263 -0.104 -0.102 -0.262 -0.316 -0.146 -0.149 -0.289
0.041,3 0.099,3 0.089,2 0.050,3 0.096,3 0.083,3 0.041,3 0.061,3 0.059,3 0.061,3 0.050,2
192263 -0.039 0.191 0.062 -0.243 0.049 0.028 -0.041 -0.242 0.098 0.029 -0.108
0.067,3 0.092,2 0.119,3 0.117,2 0.065,3 0.050,3 0.073,3 0.103,3 0.122,3 0.108,3 0.085,2
195019 0.059 0.089 0.073 0.011 0.100 0.132 0.027 -0.043 0.041 0.071 -0.041
0.037,3 0.072,4 0.076,4 0.038,3 0.092,3 0.036,3 0.039,3 0.067,3 0.154,3 0.062,3 0.051,2
196050 0.228 – – 0.333 – – 0.261 0.156 – 0.200 0.267
0.067,2 – – 0.057,2 – – 0.055,2 0.100,2 – 0.076,2 0.081,2
202206 0.330 0.183 0.231 0.331 0.348 0.376 0.242 0.142 0.340 0.266 0.261
0.056,3 0.080,3 0.067,2 0.040,3 0.107,3 0.070,3 0.050,3 0.060,3 0.056,3 0.074,3 0.061,2
209458 0.038 0.049 0.128 0.017 0.083 0.059 -0.010 0.015 0.067 0.049 0.005
0.042,3 0.060,2 0.065,3 0.031,3 0.045,3 0.088,3 0.048,3 0.087,3 0.064,3 0.061,3 0.061,2
210277 0.192 0.241 0.133 0.170 0.318 0.384 0.164 0.039 0.213 0.242 0.160
0.059,3 0.076,4 0.066,3 0.085,3 0.114,3 0.060,3 0.039,3 0.088,3 0.095,3 0.085,3 0.067,2
213240 0.210 0.153 0.122 0.217 – 0.195 0.132 0.014 0.248 0.259 0.162
0.069,3 0.083,2 0.076,2 0.051,3 – 0.039,3 0.043,3 0.143,3 0.095,2 0.061,3 0.071,3
216435 0.238 – – 0.336 – 0.305 0.232 0.159 – 0.185 –
0.061,2 – – 0.081,2 – 0.038,2 0.054,2 0.079,2 – 0.055,2 –
216437 0.269 – – 0.329 – 0.403 0.232 0.167 – 0.257 0.252
0.057,2 – – 0.065,2 – 0.035,2 0.071,2 0.096,2 – 0.063,2 0.079,2
217014 0.209 0.201 0.113 0.243 0.280 0.277 0.165 0.056 0.249 0.169 0.184
0.048,3 0.069,4 0.082,4 0.041,3 0.040,2 0.071,3 0.054,3 0.050,3 0.075,3 0.081,3 0.051,2
217107 0.346 0.265 0.194 0.321 0.393 0.393 0.292 0.143 0.338 0.303 0.354
0.048,3 0.090,4 0.087,4 0.051,3 0.064,3 0.051,3 0.048,3 0.076,3 0.121,3 0.068,3 0.065,2
222582 0.038 0.032 0.050 0.029 0.085 0.115 -0.013 -0.098 0.082 0.016 -0.049
0.044,3 0.050,3 0.068,3 0.054,2 0.080,3 0.124,3 0.051,3 0.071,3 0.065,3 0.068,3 0.095,2
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